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The form factors of the 7 transition are studied in the light-front quark model and 

chiral perturbation theory of O(p^). The decay spectrum of e'^Ue'y, dominated 

by the structure dependent contribution, is illustrated in both models. 



It is known that the decay of e'^Vel receives two typ es o f contributions: 

"inner bremsstrahlung" (IB) and "structure-dependent" (SD) UJ^. The former is 
hehcity suppressed and contains the electromagnetic couphng constant a, while 
the latter gives the dominant contribution to the decay rate as it is free of the 
helicity suppression. In the standard model (SM), the decay amplitude of the SD 
part involves vector and axial-vector hadronic currents, which can be parametrized 
in terms of the vector form factor Fy and axial- vector form factor Fa , respectively. 
However, the experi mental determinations on these form factors are poorly given 
and model-dependent' .In particular, the experimental results on the decay rate 
of e^Vel in Ref. ^ were based on the assumption of Fy and Fa being some 

constant values in the chiral perturbation theory (ChPT) at 0(p'*)^. In the ongoing 
data analysis of the E949 experiment at BNL, more precision measurements on the 
decay of — > e^Vel are expected^ and thus, the model-independent extractions 
of the SD form factors are possible. Theoretical calculations of Fy and Fa in the 
K'^ 7 transition have been previously done in the ChPT at 0(p'*) ^ and 0{p^) 
12121 as ell as the light-front quark model (LFQM) ^12J_ However, the results have not 
been fully apphed to the decay of — > e+i/eT yet. 

In this talk, we will present our recent results on the transition form factors 
of ~> 7 in the ChPT of 0(/) and hght-front quark model (LFQM). We will 
show the spectrum of the differential decay branching ratio of — )■ e+z^e7 as a 
function of a; = 2E~f/mK- ^^^^ 

We start with the amplitude of the decay if + e+i^e7 hi the SM, given by^^EIEl 

M = MiB + MsD, 
MiB - le^sinO^FKm^elK'^, Mgo = -le^sme^e^L^H^'" , (1) 

where = u(p,)(l + 75) - viPe), - u{pM^ " l^XPe). 
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= It (-5^"Pif -q+pW) + i^,^'""'^qc.PKp Ea is the photon polarization 
vector, pk. Pi/, Pe, and q are the four-momenta of K'^, v^., e^, and 7, and Fk and 
^A(v) the iiT meson decay constant and the axial-vector (vector) form factor 
corresponding to the axial-vector (vector) part of the weak currents, respectively, 
defined by 

(0|s7^75u|if+(pK)) = -iFKp'ii, {l{q)\uj>'s\K{pK))=ie—e''''^''e,^qpp,, 

rriK 

{l{q)\u^^l^s\K{pK) ) - e— [{p ■ g)e*^ - (e* • p)q^] , (2) 

niK 

with p = pk — q being the transfer momentum. We note that AiiB in Eq. ([1]) 
is suppressed due to the small electron mass mg. In the decay of — s- e"'"i^e7, 
the form factors Fa.v in Eq. ^ are the analytic functions of p^ — {pK — qY in 
the physical allowed region of < p^ < mj^. The relation between the transfer 
momentum and x is given by p^ = rnj^{l — x). 
At 0{p^) in the ChPT, one obtains that El 

^^^^'^ = aJ^.^A ^ " + 256.^(mi - ml)Cl, + ^-^nVC^,, 

1 



3^21^ f !!| ] ^ 7 , , ^ . +3mi.ln ' ^ 



-2 I [xml + (1 - .x)mi. - x{l - x)p'] In ( ""^^ + ' ' ' "^^^ ) dx 

-2 / [.^^, + (1 - x)ml - - ^)P'] In H + ^^'"^;;^'"^^'"^"' ) 



mi ln{^]dx 



(3) 



2n 4V2mA' 

'f^'"" ■ • 6F|.(27r)8 



Fa{p^) = -^^(L; + L{,) + ; [142.65(m^-/) - 198.3] 



+2 (8i^ - 4L^ + 4L; + 7LI + 7L\^)m], In f 
+2m],{l%y\^ -t- my\^ - Ay^^ - I2yl^ -f Ayl^ + 6yS4 + ^vk " Sy^oo 

I' 

where CI , L[ and y[ are the renormalized coupling constants. Note that the first 
terms in Eqs. ^ and Q correspond to Fy and Fa at 0{p'^) respectively. 



+ 62/[o2 + 122/^03 - 6y[o4 + Zy{^^) + -(m^ - p')(22/[oo " 42/5:o9 + vlw) \ , (4) 
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In the framework of the LFQM we obtain 



8mK 
2 m 



dz cPk± 
2(27r)3 

dz d'^k± 
2(27r)^ 
- z' {ms 



■^{z\kj 



1 



1 - z' 
1 



2 rri u 

3 m 



Akle 



Irus 
3 n 



Bk^.e 



k' 



k'j_Q 1 nis 



+ (l-z')(m, -m„)fcie 



kl 



(5) 



3 TO^ + kj_ 3 - 

where the parameters and variables are defined in Ref. 

The numerical values of Fa,v{p^) in the ChPT of 0{p^) are plotted in Fig. [TJ 
In these figures, we have also included the results in the ChPT at 0{p'^). Explicitly, 
we find that Fv(A){p^ = 0) = 0.0945 (0.0425), 0.082 (0.034) and 0.106 (0.036) in 
the ChPT at 0(p'*), ChPT at 0{p'^) and LFQM, respectively. 

The differential decay rate as a function of x is given by 



dV 

dx 



647r2 



yG], sit? e^Aix) 



(6) 



where the function of A{x) is given in Ref. . By integrating out the variable x 
in Eq. ([6]), in Table [T] we give the decay branching ratio of e^VeJ- Here, as 

the IB term diverges at the limit of x ^ corresponding to p^ Pmax — '^aT' ^® 
have used the cuts of x = 0.01 and 0.1, respectively. With the cuts, from Table [1] 
we see that the IB contributions are much smaller than the SD^ ones, which are 
insensitive to the cut. In Fig. [21 we also display the spectrum of the differential decay 
branching ratio in the ChPT at both 0{p'^) and 0{p^) and the LFQM. From Fig. 
[21 we see that in the region of a; < 0.7 or < 173 MeV, the decay branching ratio 
in the LFQM is much samller than that in the ChPT at 0{p^). On the other hand, 
in the region of a; > 0.7 the statement is reversed. However, if we only consider 
the contributions in the ChPT at ©(p''), the conclusion is weaker. It is clear in 
the future data analysis such as the one at the experiment BNL-E949l^, one could 
concentrate on these two regions to find out which model is preferred. 

We have studied the axial- vector and vector form factors of the —> 7 tran- 
sition in the LFQM and ChPT of 0{p^). Based on these form factors, we have 
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Fig. 1. Fv.Aip^) as functions of the transfer momentum . 



2, 2008 16:46 WSPC/INSTRUCTION FILE Lih-ICFP07 



4 Chen, Ceng and Lih 



Table 1. The decay branching ratio of e'^Ue'y (in units of 10 ^). 



Model 


X Cut 


IB 


SD+ 


SD- 


Total 


ChPT at 0{p'^) 


0.01 

0.1 


1.65 X 10-1 
0.69 X 10-1 


1.34 
1.34 


1.93 X 10-1 
1.93 X 10-1 


1.70 
1.60 


ChPT at 0(p'=) 


0.01 
0.1 


1.65 X 10-1 
0.69 X 10-1 


1.15 
1.15 


2.58 X 10-1 
2.58 X 10-1 


1.57 
1.47 


LFQM 


0.01 
0.1 


1.65 X 10-1 
0.69 X 10-1 


1.12 
1.12 


2.59 X 10-1 
2.59 X 10-1 


1.54 
1.44 



calculated the decay branching ratio of if+ — > e^i'ej. We have demonstrated that 
the SD parts give the dominant contributions to the decay in the whole allowed 
region of the photon energy except the low endpoint. Future precision experimental 
measurements on the decay spectrum ^ should give us some useful information to 
determine the SD contributions as well as the vector and axial-vector form factors. 
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Fig. 2. The differential decay branching ratio as a function of a; = 2E^ /mj^ . 



